In order to characterize the functionality of the monolayers cultured in our microfluidic device EC barrier function to dextran was evaluated. For diffusive permeability estimation, monolayers were cultured under static conditions. EC monolayers were formed as described above. Experimental medium in the apical channel was replaced with medium containing FITC-labeled dextran (Fig. S3 ). Fluorescent images were obtained using an inverted microscope (Nikon TE300, Nikon Instruments Inc., NY) and micrographs acquired 10 with a Hamamatsu ORCA-ER camera (Hamamatsu, Japan) using OpenLab image acquisition software at least 4 hours following incubation with dextran. We assume that the transport of dextran across the endothelial monolayer was due to passive paracellular transport from the apical channel. With this assumption P d was estimated based on the diffusive flux of dextran across the monolayer: * ∆ ∆ 15 * ∆ Where is the diffusional permeability, ∆ is the concentration difference across the monolayer, denotes the diffusion coefficient of dextran, ∆ ∆ the concentration gradient of dextran in the gel region and J the flux from the apical channel across the monolayer. A fluorescence intensity profile was obtained in ImageJ (U.S. National Institute of Health, Bethesda, MD) (Fig. S3B) from which ∆ and ∆ ∆ were calculated. The diffusion coefficient for 40kDa dextran, 4 x 10 -11 m 2 /s, was used 20 (Vickerman, et al., 2008).
Diffusional permeability (P d )
In order to characterize the functionality of the monolayers cultured in our microfluidic device EC barrier function to dextran was evaluated. For diffusive permeability estimation, monolayers were cultured under static conditions. EC monolayers were formed as described above. Experimental medium in the apical channel was replaced with medium containing FITC-labeled dextran (Fig. S3 ). Fluorescent images were obtained using an inverted microscope (Nikon TE300, Nikon Instruments Inc., NY) and micrographs acquired 10 with a Hamamatsu ORCA-ER camera (Hamamatsu, Japan) using OpenLab image acquisition software at least 4 hours following incubation with dextran. We assume that the transport of dextran across the endothelial monolayer was due to passive paracellular transport from the apical channel. With this assumption P d was estimated based on the diffusive flux of dextran across the monolayer: * ∆ ∆ 15 * ∆ Where is the diffusional permeability, ∆ is the concentration difference across the monolayer, denotes the diffusion coefficient of dextran, were calculated. The diffusion coefficient for 40kDa dextran, 4 x 10 -11 m 2 /s, was used 20 (Vickerman, et al., 2008) .
Flow rate measurement and Pressure drop Estimation
Fluid velocities in the gel and pressure drop across the EC monolayer were estimated using a bead tracer method (details below). First, the Darcy permeability of collagen gel ( ) without an EC monolayer was calculated from Darcy's Equation for flow through a porous matrix. 25 Darcy's Equation where denotes the imposed pressure gradient, µ denotes fluid viscosity and is the fluid velocity which is obtained experimentally from measurements of tracer particle velocity. As before, fluid reservoirs were used to impose a pressure differential across the gel 30 region. To visualize fluid passage through the gel, fluorescent microspheres were added to the upstream reservoirs and tracer velocities, determined as a function of a known pressure drop, ∆ , across the collagen gel alone. Separate experiments were repeated with collagen gels covered by an EC monolayer to obtain new values for . In these experiments the upstream reservoir was connected to the basal channel. Here, the collagen gel and the endothelial monolayer were modeled as two resistors in series, and the total pressure drop, ∆ , is the sum of the pressure drops across the gel (∆ ) and EC monolayer (∆ 
∆ ∆
Bead Tracer Method. FITC-labeled microspheres (200nm in diameter) were used as fluorescent tracer particles. Fluorescent traces of microspheres flowing through the gel were visualized on a Nikon TE300 inverted microscope and time-lapse micrographs acquired (Hamamatsu, ORCA-ER, Japan) and analyzed using OpenLab image acquisition software. Traces were obtained by using a long exposure during image acquisition which gives rise to streaks indicating bead path through the gel. While the flow is 3-dimensional, we used particles that remained in focus over their entire trajectory, thus ensuring that the flow was primarily in a single plane. 5 Subsequently, tracer bead velocities were calculated from streak lengths and exposure times. Streak lengths were measure in ImageJ (public-domain image processing software, U.S. National Institute of Health, Bethesda, MD). A potential limitation of this method would be channelling of beads between collagen and top or bottom surface of the devices.
Time-lapse Video Microscopy
Time-lapse movies were recorded of endothelial cells during B-A flow induced sprouting angiogenesis. Endothelial monolayers were 10 formed on collagen gel and B-A flow established as described in METHODS. EC morphogenesis was visualized with an inverted microscope (Zeiss Axiovert 200, Carl Zeiss, Germany) equipped with an environmental chamber at 37 C and 5% CO2. Images were acquired at 2 min intervals with the AxioCam MRm (Carl Zeiss, Germany) using AxioVision image acquisition software.
Transmission Electron Microscopy (TEM)
A method for processing microfluidic samples for TEM was developed. Briefly, glass coverslips were coated with a thin layer of PDMS. 
p-FAK Y397 and FAK Antibody Pair Validation
HMVECs were used in all antibody validation experiments. HMVECs were cultured on glass bottom dishes, fixed with 4% PFA and 25 double stained (see METHODS) with pFAK and FAK antibody pair. Four different primary antibody pairs were evaluated to find a "compatible" pair (Table S1 ). Compatibility was determined by visual inspection with selection criteria which were based on the presence of the classic staining pattern and colocalization of pFAK with FAK in focal adhesion complexes. Stained samples were imaged (Nikon TE300, Nikon Instruments Inc., NY; Hamamatsu Orca ER, Japan) and analyzed (OpenLab Software, Improvision, MA). Higher resolution images were obtained with a confocal microscope (LSM 510 Zeiss Axiovert 200M v4.0). Additionally, a requirement that the 30 antibody binding epitope did not occur in the region of Tyr 397 was also imposed. Where available, information regarding binding epitope was obtained from the product supplier. The selected antibody pair was then subjected to a secondary cross-reaction test. Here HMVEC samples were processed for immunolabeling according to METHODS, labeled with primary antibody "A" and incubated with the secondary antibody for primary antibody "B". For e.g. EC labeled with mouse anti-FAK was incubated with a Goat anti-rabbit secondary. 
